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ABSTRACT
During the last three months attention was focused mainly on the

experimental part of this program. An experimental spparatus was designed
to measure the previcusly defined transport coefficient by means of the
steady state evaporstion experiment. All of the necessary equipment has
hesn ordered, some of the system has been sssembled, and calibrations are
undervay.
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FOMENCLATURE

specific enthalpy

latent heat of condensation or evaporatiom

system pressure

gas constant

temperature

energy accommcdation coefficient
specific heat ratio, cp/c‘_
denotes steady state

denotes vapor
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I INTRODUCTION

In past reportes the no-flow experiment was discucsed in detail snd
mention vas wede of the problems expected in such an experiment.(l) 1t
vas decided that a more feasible method for determining the tremspart
coefficients involves earrying out & steady-state evaporation experiment.
This experiment and tie apparatus to be used is disouesed in this rewert.

Il. STEAIY-STATE EVAPORATION EXPERIMENT

A steady-state evaporatian experiment, as i¢ illustrated in Figure 1,
is cne in wvhich liquid changes to the vapor phase at a constant rate by
evaparation at the liquid-vapor imterface with the absence of boiling and
in vhich the heat transfer necessary for evaporation is all from the liquid
side of the interface. There is no heat transfer to the vapor. For such
a case the ﬁrstla’vrequireathatthetmperamreinthebulknwmglm
of the vapor be uniform and therefore that

(Ju)a 8. hg(ai)a.s; (1)

In such a case the energy equation of the phase chanae(a)» becomas

X - Lk (8 T)s.."‘- (2)
o b (Ji) .s.Tz ’

gnd the mass flux equaticm(3) becones

P 3 X K+1 D
é—ﬁ)a.s.gg‘s[x+ihfg+ ; rii hfs ) )

Thus from the messured gquantities Ts, ST, Ps, and Ji, ane could deter-
mine K and L,,; from equations (2) and (3) if L_were nown. An expression
for Lk hes been found by employing Kennard's(k temperature jump analysis

oo~ | & Pt (%)

vhere ¥ is the retio of specific heats and of & 1(5) is the energy
accommodetion coefficient.
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Calculationsghowed that the flzids for which the desired results
could be most readily messured were the ligquid metals. Of these mercury
is the easiest to use, and it was thus chesen as the working fluid.

III. EXPERIMESTAL APPARATUS

A Tlow dlagram of the experiment is sketched in Figure 2. A thin
lawer of lianid mercury on the nickel block will be eveporated, the
necessary haat being supplied by heaters placed in the nickel. The
temperature distribution in the nickel block will be measured with
thermocouples and extrspolated through the liquid layer to determine
thetmerzbmmtheuquidsmeoftheinterfaceﬂ?ﬂ. To extrapo- -
late it i8 necessary to know the depth of the liquid lsyer. The liquid
depth vill be determined by messuring the displacement of a probe when
it is moved from the 8olid nickel surface to the liguid surface by means
of micrometer heads.

Nickel wvas chosen as the mterial for the heating block because
morcury wets nickel. It does this by forming an amalgam on the nickel
surface. It is necessary to have a wettable surface if & thin film of
liquid is to be realized; also the wetting eliminstes any contact resiste
ance which may exist at the solid-liquid interface.

Laplace's equation was solved for the temperature field in a two-
dimensional heater block. The effect of the non-uniform temperature die
to the hesters at the bottom of the block and side-heat losses were included
in the boundary conditions. It was foaund that the thermocoupies will lie
in a constant temperature region of the block for about 10 probe diameters,
thus eliminating the problem of conduction glong the thermocouple leads.

It is desirsble to have a thin lgyer of liquid because then any erxror
in the extrapolation vhich mey exist due to & non-linear temperature pro-
file in the ligquid, because of convection, will be wminimized. Also & thin
layer of liquid will minimize the poseibility of having active mucleation
sites for bolling.

The depth of the liquid layer will be contmlled by adjusting the
slope of the nickel block, the height of the weir placed at the downstresm
end of the nickel block, and the flow rete.
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'n:etanperameinthevaporra, which st be uniform to satisly
the first lav requirexments for steady state evaporatiom, shall be measured
byw&nlaaw_dmwgpojnts.

'Bsethmlesaracoppu'-consmtan enclosed in stainless steel
sheaths. They will be calibrated agaliast & gtendard platinum resistance

The rate of evaporatiom, Ji’ villhedeterninedfronthehelt trans-
fer to the liquid, uhichisgivenbythetempmturesraﬂmmdm-
dnctiﬁtynthe_nickelandthelatenthesthfg. A peens of checking thé
above flow Tate measurement 18 totakethedifferencebetwtheuquid
ﬂmmtemtothetestsectimandthemrﬂwmte.

The pressure in the test mtion?swinbe megsured by a monometer.

villbeeonnectedtothetest_sectim. Since room temperature is less
than the saburation temperature in the test section, &y mercuxy VAPOT
mthembetunesvmmmdtocondeme. Eventually condensate
would form in the monometer. moeﬁminatethisthemmmnmwin
beﬂushedoutviﬂargenpﬂortoatestmn,andsothemm
ﬁnmwwumem*&eargmbefmitgebstommm.
'ﬂ:enmwinmobeplacedatmmgletotmmuzmtﬂéoww
condensate which does form willfanback-intothetutucﬁcn. The
testsectimmmpisplacedmchthatmmmmMm
test section will be m&mwmmsm.
'mezmimofﬁhesssmwutsofanammwmled
condenser, & condensate collector tank, an ice trap to condense any
mwmchgempmtthecmdzasa,amﬁlwtoabswb
m'mmmvapmwhichgetsmsttheicetmp,.andsmunpmpmeh
exbmstsintothembmtoryexhwt gysten. Since the system pressure
wi]lbebelwamgh&ﬂc,m]akaa&wnlbeiubothemtm,ﬂms
Mﬁm»mmmmmmmtoﬁcmm.
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IV. COECIUSIORS AND KECOMMENDATIORS

The steady-state evaporation experiment has beea described as well
e3 the experimental spperatus to be used for carrying out the experiment.

During the next quarter the experimental part of the wark will con-
time. Work will also be done on improving the kinetic theory prediction

ol BB Deosstom ot sl oo POL oo
o1 e tTanspory coelfficismte.
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Profile



JEENIEAIXS 0 RVEDVIA MOLL ~ 2 BHNOLI

FIIS
dOLOIMI0D
MO IWINO
yIevosdy WILSAS
Jod ¥ i LSoyHX 3
~2159790 AYNoUIW)  Kuolu28u? oL
i S VROV
: ] Jhu | [ and u
A\ wnnwh
'
d
)
IS M
® ~ ] usLym
2| onmo0>
K1ddns y
apodn po J TP
INTIYN
FoLLIVOD
STV WILSAS
AMOS
NvOOY

dwod S9Ny 2 81

W0aoyA nvaid 355344 i
Qv3H

A ALINOYII




